The general equation (Eqn 3 in the manuscript) is treated by taking into account the diffusionconvection-reaction equations for the 3 considered species (A, B and C).
The local expressions of the flux conservation (A.1-3) are derived in the global form (A.7-9) by using the Galerkin's formulation (multiplication by a projective function species. This boundary condition is here equal to zero: no flux at the boundaries of the domain, excepted the inlet and outlet of the channel where the equation is not solved due to the Dirichlet conditions (imposed value of the unknowns). This leads to the final formulation (A.7-9) that is introduced in the equation generator of the Flux-Expert TM software.
A non-linear algorithm based on the Gauss inversion method was used for all the calculations.
To prevent numerical errors, the mesh size was refined in the zones of maximum concentration gradient (junction between the incoming fluids) in order to maintain a local mesh Péclet number inferior to 100. S1 The error in calculations was evaluated to be 0.1%
when comparing a mesh size of 5 µm with a 3 µm one. Consequently, for all the geometries tested, the mesh size was kept to 10 µm at the microchannel extremities (inlets and outlet) and was decreased to 3 µm at the fluid junction.
The transient model is there applied in a steady-state regime to a 2D cross-section of the geometry. A design with orthogonal inlets was needed for simulation with electro-osmotic flow profile due to the velocity boundary conditions applied to the walls, as well as for the calculations with lower lateral flow velocities. For these two particular situations, a transient algorithm was preferred to improve the convergence of the calculations (the convergence criteria was fixed to 0.1%).
ESI 2: Validation of the finite element convection-diffusion-reaction model
The finite element (FE) model of the convection-diffusion-reaction in a 2D channel has been frequently used in our lab. The equations of kinetics and convection-diffusion were validated by comparison with analytical models (each of them previously validated experimentally by the respective authors).
1) Validation of the numerical kinetic model
The FE equations for the kinetics of a single or consecutive reaction were compared to an analytical model. This model has been described for a consecutive reaction to predict tagging extents at the end of a microchannel in an electrospray microchip, and was validated experimentally. S2,S3
The addition between BQ tags and a peptide containing one cysteine, the rate law follows a first order kinetics for each reactant:
where v is the rate of the reaction, k is the rate constant and [BQ], [P] and [PQ 1 ] represent respectively the concentration of BQ tags, of a peptide P containing one cysteine residue and of the tagged product PQ 1 at the time t.
The kinetic model can be applied to consecutive reactions within the electrospray micromixer when the peptide possesses several cysteine units. In the case of a three-cysteinecontaining peptide, the first step has an apparent rate constant that can be considered given as k 1 = 3k, since the rate law can be here formulated as illustrated below.
In the present work, the same consecutive reaction was simulated in 1D or 2D microchannel by finite element. To validate the FE kinetic equations, the results for a 1 D reaction where all the reactants (i.e. P and BQ) are ideally mixed were compared to the results from the analytical model. As illustrated in Figure S1 , the reaction extents are similar for both model. The relative error is 1.60 %, 0.09 % and 1.45 % for PQ 1 , PQ 2 and PQ 3 , respectively.
Consequently, the mean relative error for these values between the analytical and the FE model is 1.04 % This validation concerns the consecutive reaction but is also valuable for a single reaction as the one presented in the present publication. In the fact, the same equations were used with the PQ 2 , PQ 3 , k 2 , k 3 variables not defined. 
2) Validation of the numerical convection-diffusion model
The numerical convection-diffusion in a two-lamellae mixer was validated with the analytical model described by Z. Wu et al. S4 The simplified 2D analytical model of convective-diffusive transport in parallel lamination micromixers is depicted in Figure S2 . clearly that this study does not make sense at high kinetics as the gain is going down due to a reaction extent close to completion in one or both design that is here compared.
Influence of the concentration ratio
The study deals with convection-diffusion and reaction between two species along a microchannel defined as sandwich mixer-reactor. As illustrated by the Damkhöler number, kinetic and diffusion are related and determines whether a reaction is governed by the diffusion and/or the kinetics.
This section evaluates the position of the reactants according to their concentration ratio Figure S7 is the gain between ABA and BAB geometries that is determined for for the two sandwich configurations shows a decrease of the gain when ξ is higher than 60%.
Afterwards, the reaction is tending to completion that limits the gain. the two double-inlet design and the two triple-inlet designs is slightly higher at low reaction extents. Nevertheless, in all the conditions the relative error is inferior or equal to 0.6 % meaning that the conclusions from this study are also valuable for the more "commonly" used designs such as the Y-mixer, T-mixer or the cross-mixer. be extrapolated as the Pe number in this study is 1500 (not included in the plateau in Figure   S9 ). 
